where CO=cardiac output in L/min, BSA=body surface area, HR=heart rate in beats/min, and MBP =mean blood pressure in mmHg.
Peritoneal dialysis was performed using 2,000ml of isotonic or hypertonic commercial dialysis solution.
The fluid was retained for 45min in the peritoneal cavity, and then drained.
This procedure was repeated 15 or 25 times . Eleven healthy volunteers ranging in age from 18 to 43 years (average 30) served as the control group for the normal values of HR , BP, Hct, VP, and CO, from which CI, SWI, and PVR were also calculated. (Table I) Before peritoneal dialysis, body weight, Hct, and Hgb did not differ between the congestive and the non-congestive groups. After dialysis, clinical improvements were apparent in the congestive group. In both groups, body weight decreased slightly attended by a slight elevation of the level of Hct. These changes were not statistically significant. BUN still remained high in the congestive group.
Hemodynamic Findings (Table I and Fig. 1 ) Before peritoneal dialysis, HR and BP in the congestive and non-congestive groups were significantly greater than in the control group (p <0.05 and p <0.001, respectively). BV in both groups of patients was slightly increased. The increase was significant only in the congestive group (p <0.05). VP in the congestive group was far above the normal range (p <0.05), whereas VP in the non-congestive group was at the upper limit of the normal range. The difference in VP between these 2 uremic groups was significant (p <0.001). CO and CI in the congestive group were slightly lower than in the control group, while those in the non-congestive group tended to be elevated. Although these differences in CO were not significant, those in CI were significant (p <0.05). CO was significantly higher in the non-congestive group than in the congestive group (p <0.05), but there was no significant difference in CI between the groups. SWI in the congestive group was only slightly decreased compared with the control group while SWI in the non-congestive group was increased significantly (p <0.01). PVR in the congestive group was slightly greater than the control whereas that in the non-congestive group was slightly smaller. However, the differences were not significant. Peritoneal dialysis produced somewhat different hemodynamic changes in the 2 uremic groups, except for the BV which slightly decreased in both the congestive and non-congestive groups by an average of 7 % and 8%, respectively. Thus, VP fell significantly (p <0.05) in the congestive group, but insignificantly in the non-congestive group. In the congestive group, post-dialytic CO and CI increased by an average of 17 % and 23 %, respectively, while they decreased in the non-congestive group by an average of 16 % and 17 %, respectively. The changes in CO and CI produced by dialysis differed significantly between both groups (p <0.001). Post-dialytic BP remained nearly unchanged in both groups, In the congestive group , SWI was slightly increased and PVR was slightly decreased, while in the non-congestive group SWI was slightly decreased and PVR remained approximately the same. The changes in SWI and PVR produced by dialysis differed J ap. Heart J. September, 1975 significantly between both groups (p <0.001 and p <0.01, respectively).
EXPERIMENTAL STUDY MATERIALS AND METHODS
Fifteen male dogs with initial weights of 9 to 14 Kg (11.5 Kg on an average) were made uremic by ligating bilateral ureters. As acute uremia developed 48 hours after the ligation, peritoneal dialysis was performed . Various parameters of cardiac performance were studied before and 48 hours after the ureteral ligation and after the peritoneal dialysis. Every observation was made under anesthesia with sodium pentobarbital (25 to 35 mg/Kg, i.v.).
Catheters were introduced into the left ventricle and the aortic root through the carotid arteries and into the right atrium through the jugular vein to permit the determinations of the levels of venous blood hematocrit (Hct) , blood urea nitrogen ( BUN), plasma potassium, central venous pressure (VP) , circulating blood volume (BV), cardiac output (CO), left ventricular pressure and aortic pressure (BP), and an. Heart i.
electrocardiogram was recorded. BV was obtained by Volemetron using RISA of 3 to 5 itc. CO was determined by the dye-dilution technic with the injection of 5 mg indocyanine green and withdrawal of arterial blood through a Waters densitometer. CI, SWI, and PVRI were calculated according to the following formula:
where BW=body weight in Kg, HR=heart rate in beats/min, MAP =mean aortic pressure in mmHg, LVEDP= left ventricular end-diastolic pressure in mmHg. Pressure was measured with strain gauge transducers and the first time derivative of the left ventricular pressure was obtained by means of a RC circuit with a time constant of 5 msec. The curves were recorded simultaneously on a photorecorder (Visigraph) with a paper speed of 20 cm/sec. dp/dt/IIT was calculated according to Siegel's methods) and VP was measured setting the zero reference point at the level of the right neck vein on the right decubitus position. Peritoneal dialysis was performed using 1,000 ml of isotonic dialysate. The fluid was retained for 30 min in the peritoneal cavity, and then drained, and this procedure was immediately repeated twice. (Table II, Figs. 2-a and 3) Fifteen dogs were studied before and after ligation of bilateral ureters. Forty-eight hours after ligation, prolongation of PR interval and widening before and after Ureter-Ligation, and Peritoneal Dialysis ante index; LVEDP=left ventricular end-diastolic pressure; max dp/dt=maximum rate of left ventricular pressure rise; Hct=hematocrit;
RESULTS

Effect of Ligating Both Ureters
BUN=blood urea nitrogen; K=plasma potassium; BW=body weight; NS=not significant. Jap. Heart J. September, 1975 Fig. 3 .
Changes in dp/dt/IIT induced by ligation of both ureters and peritoneal dialysis. Pre-L=before ureter ligation, Post-L=after ureter ligation, Pre-D=before dialysis, Post-D=after dialysis.
suggested by the shift of its operating point as shown in Fig.2 In 1960, Eichna41 emphasized that congestive syndrome observed in acute glomerulonephritis can simply be attributed to water and salt retention and he termed this as non-myocardial circulatory congestion. This assertion has been supported by several works.""))') In patients with acute glomerulonephritis complicated with congestive syndrome, Davies') reported normal cardiac output and De Fazio et all) observed significantly increased cardiac output associated with high ventricular filling pressure. Also in patients with acute renal failure due to acute tubular necrosis or bilateral ureteral obstruction, an increase in cardiac output was demonstrated.') Expansion of blood volume in these patients was observed by Eisenberg et all) while no change was demonstrated by others.31,s) Since the administration of salt and water or cortisone to normal subjects has been known to lead to an increase in blood volume accompanied by an elevation of venous pressure, 10),11) the observations mentioned above suggest that water retention and the consequent hypervolemia might result in a high-output congestive state in patients with acute renal failure even though they do not have myocardial failure. Regarding the hemodynamic derangements in chronic uremic patients with congestive syndrome, data are limited and conflicting.') A high cardiac output has been observed by some investigators.l2)-14> However, Anthonisen and Holst9) reported normal cardiac output in chronic uremic patients. Blood volume has been found to remain within normal range.-), 9),12) Our present clinical study on the hemodynamic effects of dialysis revealed that, before dialysis, cardiac output was relatively low in the congestive group and high in the non-congestive group, while blood volume was expanded in both groups. The study also showed that, after dialysis, the reduction in blood volume was accompanied by an increase in cardiac output in the congestive group, whereas a slight decrease occurred in the non-congestive group. These findings are in agreement with the observation by Del Greco et al.5} They demonstrated that hemodialysis effected an increase in cardiac output in patients with congestion but a slight decrease in cardiac output associated with a fall in blood volume in patients without congestion. The high cardiac output in the patients of non-congestive group might have resulted from the expansion of blood volume due to water retention. However, the presence in the patients with congestive syndrome of low cardiac output in spite of their high ventricular filling pressure and the improvement of congestion associated with an increase in cardiac output after dialysis strongly suggest that myocardial impairment existed in those patients.
The literature contains rather scanty information on myocardial per-J ap. Heart J. September, 1975 formance in uremic patients. Bradley et al15) obtained normal bilateral ventricular function curves by measuring pressure and flow during venesection and some other procedures in 1 patient with acute glomerulonephritis. Penpargkul et al16) observed that the hearts isolated from uremic rats had enhanced or normal performance as evidenced by the normal or increased cardiac output and max dp/dt. Since their observations were made in an isolated heart system in a perfusion medium free of any uremic abnormalities, the results do not necessarily imply that the function of those hearts in situ was not impaired in the uremic condition. In fact, the present dog experiment presented evidence for the detrimental effects of acute uremia on the performance of the dog hearts in situ, as well as its rapid improvement and return to the control state after dialysis. In uremic subjects with congestive syndrome, blood volume was increased, venous pressure and left ventricular end-diastolic pressure were elevated markedly, while minimal change was observed in cardiac output. After dialysis, all of these hemodynamic or cardiac parameters returned nearly to the control levels. Thus it was demonstrated that myocardial depression was present in those with acute uremia and circulatory congestion. Based on these clinical and experimental findings, it is plausible to consider that myocardial dysfunction is involved in the genesis of circulatory congestion in renal failure. The next question to be answered is the mechanism of myocardial depression in uremia. The fact that there was a prompt recovery of myocardial function following dialysis in both clinical and experimental studies suggests 2 possibilities: namely, dialysis removed of a "uremic cardiotoxic substance"17) and/or reduced fluid overload. Early appearance of myocardial impairment in our experimental acute uremia, even before blood volume was increased, suggests the presence of uremic cardiotoxic substance rather than fluid overload. In chronic renal failure, there will be many factors which affect myocardial function such as sustained hypertension, uremic anemia, electrolyte disturbance, and metabolic acidosis. As emphasized by Neff et al,18) uremic anemia should be regarded as one of the most important causes of elevated cardiac output in uremic patients. Acidosis has been known to reduce contractility of the heart, particularly when pre-treated with propranolol.19), 20) Recently, we21) demonstrated that hyperpotassemia per se has negative cardiac inotropic effect, which is more conspicuous in the diseased heart. It is likely that all these multiple factors are involved in the pathogenesis of myocardial impairment in uremia which in turn result in congestive circulatory failure.
